Introduction
The global diabetes epidemic affects both western and developing societies; 387 million people (8-9%) worldwide were Electronic supplementary material The online version of this article (doi:10.1007/s00125-016-3971-y) contains peer-reviewed but unedited supplementary material, which is available to authorised users.
living with diabetes in 2014 [1, 2] . This scenario is paralleled by the obesity epidemic [1] . Both diabetes and obesity reduce life expectancy, mainly owing to complications from diabetes and cardiovascular disease (CVD) [2, 3] . In the most recent report from the WHO on non-communicable disease, diabetes was highlighted in two of the nine major global targets for prevention and control [2] . The aim is to halt the global rise in diabetes and obesity and to achieve a 25% reduction in the overall mortality from CVD, cancer, respiratory disease and diabetes by the year 2025 [2] .
A large proportion of those with diabetes, however, are undiagnosed, and therefore do not have the opportunity to benefit from available effective preventive measures. Life expectancy of people with diabetes has increased in western societies; however, an earlier onset of diabetes and a decline in diabetes-related mortality leads to a prolonged time at risk of complications of the disease as well as to an increased diabetes prevalence [4] .
Recent figures from Sweden show that despite a rise in prevalence of obesity and of being overweight [5] , both the prevalence and incidence of diabetes are unchanged [6, 7] or only slightly increasing [8] . Considering the ageing population in Sweden, and that levels of physical inactivity are unchanged and obesity is increasing, this finding is unexpected [4] . Moreover, increased immigration from countries with a high prevalence of diabetes might be expected to increase the overall prevalence in Sweden [9] .
It is important to estimate accurately the burden and related complications of type 2 diabetes mellitus, which is the most common type of diabetes. Any underestimation could impede health authorities' future economic planning and provision of preventive care. The main aim of this nationwide study was to provide updated information from the entire population in Sweden on the current incidence and prevalence of type 2 diabetes treated with a glucose-lowering drug (GLD), and the trends in incidence and prevalence in recent years. A further aim was to describe trends in GLD use and investigate CVD risk, mortality and life expectancy in patients with type 2 diabetes compared with the general population. Study population All patients with any prescribed GLD (ATC code A10) found in the PDR from 1 July 2005 to 31 December 2013 were included in the dataset. The index date was defined as the first registered occasion of a filled prescription of a GLD. Patients with a diagnosis of gestational diabetes (ICD-10 code: O24.4; www.who.int/classifications/icd/en) within 1 year of the index date and patients with type 1 diabetes were excluded. Patients with type 1 diabetes were defined as those with a type 1 diabetes diagnosis (ICD-10 code E10) and treated with insulin during their first year of GLD treatment, or aged under 30 years at the start of insulin treatment, or aged under 15 years at the start of any diabetes medication. Patients were observed until death or the end of the year 2013. Individual patient-level data from the national registers were linked using personal identification numbers. Data linkage was performed by the NBHW and the linked database was managed by Statisticon AB, Uppsala, Sweden. The study protocol was approved by the Stockholm regional ethics committee (registration number 2013/2206-31).
Definitions Comorbidities and treatments, defined by ICD diagnoses and ATC codes, were identified for the type 2 diabetes population at each calendar year based on main discharge diagnosis for CVD and based on both main and secondary diagnoses for other diseases (see Electronic Supplementary Material [ESM] Table 1 ). Life expectancy was calculated for the mean age of the type 2 diabetes cohort, at 67 years.
Statistical analysis
The incidence and prevalence of GLDtreated type 2 diabetes was calculated for each year from 2006 to 2013, using the total Swedish population aged over 15 years, at each year, as the reference. Annual prevalence and mortality rates were age stratified into two groups, ≥70 and <70 years to show age-related contributions. For incidences, the denominator was the type 2 diabetes-free population (the total population at the end of the year of interest minus the population with type 2 diabetes at the end of the year before the year of interest). Patients with newly initiated GLD treatment were defined when first dispense of GLD was registered after being treatment naive for one year.
Calendar year patient data are presented as the mean and SD for continuous variables, and numbers and percentages for categorical variables. Age-adjusted annual risks of hospitalisation with a main diagnosis of myocardial infarction (ICD-10 I21), stroke (I63), heart failure (I50) or atrial fibrillation (I48), and total mortality for the type 2 diabetes population were compared with those for the Swedish general population using indirect standardisation. Interaction tests were performed to assess risk ratio differences between men and women. Data for the Swedish population were collected from Statistics Sweden (population size) and the NBHW (number of patients with a hospitalisation). Life expectancy was estimated by the Chiang's method for those with and without diabetes [10] . All analyses were conducted using R statistical software (R version 3.1.1) [11] . Life-years lost were calculated by subtracting life expectancy in patients with type 2 diabetes from that in the general population.
Results
Incidence and prevalence of type 2 diabetes During the observation period, the prevalence of type 2 diabetes requiring treatment with GLDs in Sweden increased by 61%, from 2.7% (n = 207,303) in 2006 to 4.4% (n = 352,436) in 2013 (Table 1) . Age-stratified analyses of prevalence show that the age group <70 years contributes to a larger extent to the annual prevalence due to its bigger size compared with the group ≥70 years, see ESM Fig. 1 . However, the proportion of the total type 2 diabetes population between patients <70 and ≥70 years (55 and 45%, respectively) seems to be stable over the years indicating a stable and proportional contribution from both groups (ESM Fig. 1 ). ESM Fig. 2 shows that the age group ≥70 contributes a larger proportion of mortality cases (∼3.0% in 2013) compared with the younger age group (∼0.6% in 2013) relative to the whole type 2 diabetes population. The change in mortality from 2006 to 2013 is only small (2.8%, n = 4,006 deaths) when compared with the total change in prevalence (145,133 increased number of type 2 diabetes patients). The incidence was relatively stable over these years, with a mean of 420 new cases per 100,000 inhabitants annually ( Table 1) . The estimated incidence and prevalence did not change substantially in sensitivity analyses in which incident cases were defined as requiring a second or a third prescription of a GLD (data not shown).
Type 2 diabetes population Overall 253,689 patients had a prescription of a GLD filled for the first time during the observation period. Mean age of patients in 2013 was 67 years and 44% were female (Table 2 ). Annual prevalence of history of CVD increased slightly to 34.2%, with no changes in prevalence of myocardial infarction (10.1%) or stroke (10.3%). Prevalence of heart failure increased slightly (to 5.8%), with a more pronounced increase in prevalence of atrial fibrillation (+28.3%) to 8.6% (Table 2 ). The annual prevalence of a history of microvascular disease was stable at ∼26% and severe hypoglycaemia was uncommon. Although relatively rare, kidney disease doubled in prevalence from 2.5% to 4.9%. The prevalence of cancer increased significantly to 18.7%.
During the observation period the mean age of patients newly initiated on GLD treatment dropped slightly but remained similar overall (ESM Table 2 ); the number of patients burdened with CVD and microvascular disease also dropped slightly.
Drug treatment patterns The overall use of CVD-preventive drugs was stable over the years and ∼84% of patients had one or more prescriptions filled for antihypertensive treatment, statins or low-dose aspirin ( Table 2 ). Statin use increased (+20.8%) while the use of low-dose aspirin decreased (-17.5%). In 2013, the most frequently used GLDs were metformin, insulin and sulfonylurea (Table 3 , Fig. 1 ). During the observation years, the use of insulin secretagogues was reduced by more than half; in contrast, the use of insulin increased substantially. Despite a steep increase in the later years, use of incretin-based treatment remained low in 2013 (9%). The use of blood glucose test strips decreased markedly (Table 3) .
CVD incidence, all-cause mortality and life expectancy From 2006 to 2013, the age-standardised event rates in the general Swedish population and in the type 2 diabetes population for myocardial infarction, ischaemic stroke and all-cause death showed an overall decrease, while the rate for atrial fibrillation showed an overall numerical increase (Table 4) . Compared with the general Swedish population, GLD-treated patients with type 2 diabetes had higher event rates for myocardial infarction, stroke, all-cause death, atrial fibrillation and heart failure: approximately 1.7-, 1.5-, 1.3-, 1.2-and 1.8-fold, respectively (Table 4 , Fig. 2 ). The same pattern was seen in both men and women, although with somewhat higher risk ratios for women than men with type 2 diabetes but with no significant interaction for sex (p for interaction >0.25; women approximately 1.7-,1.4-, 1.3-, 1.2-and 1.7-fold higher and men approximately 1.5-, 1.4-, 1.2-, 1.1-and 1.6-fold higher event rates, respectively; data by sex not shown in tables). From 2006 to 2013 there has been an improvement in life-years lost among women, although no major changes were observed among men (Fig. 3) . We observed a slightly improved life expectancy in both the type 2 diabetes and the general population over time (Table 5) .
Discussion
This nationwide observational registry study reports three important findings: a surprisingly high increase in the prevalence of GLD-treated type 2 diabetes; continued high prevalence and risks of diabetes-related disease despite relatively high life expectancy; and important changes in the use of GLDs with increased use of insulin and a decreased use of sulfonyl urea. The prevalence of GLD-treated type 2 diabetes increased by 61% (from 2.7% in 2006 to 4.4% in 2013, or by approximately 0.2% each year). This increase in prevalence was not explained by a parallel increase in incidence, which remained stable during the same time period. In 2013, the prevalence was 4.4% and the incidence 399 per 100,000 inhabitants. A recent report from Sweden has also reported increasing diabetes prevalence, although at somewhat different rates from those described here. Jansson et al analysed the prevalence of pharmacologically treated diabetes (both type 1 and type 2 combined) during 2005 to 2013 and found on average a 27% higher prevalence and 10% higher incidence than our results showed [8] . A possible explanation for this discrepancy is that in contrast to Jansson et al, who used the PDR only, we used information from several nationwide data sources (the PDR, the Cause of Death Register and the National Patient Register) to assess diabetes diagnosis and censor patients with type 2 diabetes; this probably resulted in more accurate estimates of prevalence and incidence. We excluded most individuals with type 1 diabetes, in contrast to Jansson et al, which not only explains differences in prevalence but also the higher mean age reported by us compared with the former study, 67 vs 64 years, respectively. There have been several national reports on diabetes prevalence and incidence, with different findings. Some describe an increased prevalence of diabetes [8, [12] [13] [14] [15] [16] [17] ; the majority report a stable incidence [12, 13, 15, 16, 18] , some an increasing incidence [19, 20] and one a decreasing incidence [8] . Explanations for these discrepant findings could be related to the decade in which the studies were performed, the definitions applied, the type of register used and the ethnic composition of the population. For instance, Gregg et al showed a significant increase in the incidence of diabetes, both type 1 and type 2, in the US population with the highest lifetime risk of diabetes in the Hispanic population, suggesting that the variation in reported incidences of type 2 diabetes may depend at least in part on ethnicity [4] . Explanations for the differing prevalence and incidence estimates of type 2 diabetes could also be influenced by demographic changes (such as an ageing population and immigration), effects of changes in treatment patterns (such as earlier GLD initiation [6] ) and increased survival rates in the diabetes population. Studies from Canada, Finland, the UK and the USA have reported declining all-cause mortality in the diabetic population but increasing incidence of diabetes [4, [21] [22] [23] , suggesting that there has been successful treatment of diabetes and diabetes-related complications but insufficient lifestyle-changing programmes to prevent diabetes.
In the present report, the increasing prevalence could partially be explained by reduced mortality during the study period, resulting in a reduced loss of patients, while the incidence remained stable. However, changes in the relatively smaller outflow of patients with type 2 diabetes (mortality approximately 10,000 per year, Table 1 ) would have a marginal effect on the total number of patients compared with the much larger patient inflow (incidence of GLD-treated type 2 diabetes, approximately 30,000 per year, Table 1 ). Also, when agestratifying the type 2 diabetes population below and above 70 years, we could not detect any differences in prevalence increase or mortality rates that could add any significant explanation to the increase in prevalence. Earlier GLD treatment could also be an explanation, but when assessing the characteristics of newly treated patients we could not observe a clinically significant change in treatment onset age from 2006 to 2013 (ESM Table 2 ). Interestingly, the Swedish National Diabetes Registry (NDR) has reported that onset age of type 2 diabetes has not changed in the last years, which in turn would suggest the assumption that time from diagnosis to treatment has not changed much [6] . Diagnostic criteria could also potentially influence the prevalence, however, no guideline change in HbA 1c as a diagnostic criterion during the observation time was performed. However, the national guidelines on diabetes treatment was changed in 2010 to recommend the use of metformin as first-line therapy in type 2 diabetes and advocate against use of self-glucose tests in patients with non-insulin treatment, explaining the drop in blood glucose test strips. To the best of our knowledge, this is one of the first reports illustrating increasing prevalence of GLD-treated type 2 diabetes patients while incidence is unchanged and we believe that the main reason for this finding is that the inflow into the prevalent pool far exceeds the mortality outflow from the prevalent pool. Thus, we suggest the occurrence of new cases to be the leading explanation for the steep increase in prevalence.
The second important finding in the present study is the continued high prevalence of CVD and microvascular disease, and high risk of cardiovascular complications and death in the population with type 2 diabetes compared with the general Swedish population, in line with reports from other countries [24] .
Annual prevalence of CVD and microvascular disease in the population with type 2 diabetes has been relatively stable over recent years. However, we noted a marked increase in prevalence of atrial fibrillation (+28%), kidney disease (+96%) and cancer (+21%). It is not possible to deduce the explanation for this from the evidence gathered in this registry-based study.
Despite improved diabetes and cardiovascular care in Sweden in recent years [6, 24] , and despite our findings of increased life expectancy and favourable trends in mortality and rates of CVD, we observed a still-remaining increased risk of myocardial infarction (1.7-fold), stroke (1.5-fold), heart failure (1.8-fold), atrial fibrillation (1.2-fold) and all-cause death (1.3-fold) in the population with type 2 diabetes compared with the general population. Gregg et al reported ageadjusted risks of myocardial infarction (1.8-fold) and stroke (1.5-fold) in 2010 [25] . Interestingly, despite being conducted in two different countries, these two studies found remarkably similar cardiovascular risks related to diabetes in a modern setting. Life-years lost is still a challenge, especially in patients who have type 2 diabetes at a younger age. We also show that women with diabetes have increased life-years lost compared with men, similar to European Union data [26] , but also that an improvement has occurred over time in women, although not in men (Fig. 3 ). This sex difference in life-years lost due to diabetes could be explained in part by the higher longevity in women without diabetes, but a generally higher cardiovascular risk profile already at diabetes diagnosis seen in younger women compared with men could be another explanation [27] . The positive change in life-years lost in women over time might be explained by a more careful handling of risk factor clusters in women in the latter years due to an increased awareness of the high cardiovascular risk observed in women with diabetes [27] .
The improved pharmacological treatment for the prevention of CVD in patients with type 2 diabetes, such as the increased use of statins, might explain some of the favourable trends over time for myocardial infarction, stroke and allcause-death compared with the general population, but more needs to be done in this area. Furthermore, the CVD and microvascular disease burden did not improve during the study period, which is probably a reflection of improved preventive treatments and increased survival rates from acute coronary syndromes even in those with diabetes in the later decades [28] . Together, these observations highlight the need for optimised and new preventive strategies to further reduce the difference in mortality and CV risk between patients with and without diabetes.
The third important finding in this study is the change in pattern of GLD treatment in recent years, with an increase of almost 30% in the use of insulin and a 55% decline in the use of insulin sulfonylurea. Explanations for the increase in insulin use could include the national medical authorities' objectives of achieving improved blood glucose levels, together with annual open reporting of what has been achieved, resulting in earlier treatment with insulin to meet these goals. Although there was a steep increase in the later study years, the use of incretin-based treatment remained low in 2013 (9%). Metformin was, as expected, the GLD with the highest level of filled prescriptions and fairly constantly prescribed. Compared with other European countries, Sweden had the highest use of insulin among GLDs (about 28%), followed by ∼20% use in the Netherlands, Spain and the UK [29] . The reported decreased use of insulin secretagogues is in line with rest of Europe [29] . Despite the steep increase in insulin use, the use of blood glucose test strips decreased by about 30%, which was an unexpected finding in our study. This raises the question of whether this reflects an unfavourable trend in patients' individual glucose control, which would need to be evaluated in future studies.
Strengths and limitations
There are several limitations with registry reports such as this. One is the lack of data on important diabetes variables, such as glycated haemoglobin and duration of diabetes. Furthermore, since there are no available codes for diabetes managed by diet, we lack information on this group of patients, who were not included in the present study. Thus, our defined population of GLD-treated patients with type 2 diabetes is likely to be an underestimation of the true prevalence of type 2 diabetes in Sweden. The type 2 diabetes-free population was considered as the total population without any glucose-lowering prescriptions as defined above. Thus, there could be a misclassification, including diet-treated individuals in the non-diabetes population. However, when taking the large relative differences in group sizes into account, this might have underestimated the true diabetes prevalence and incidence but to a very small degree. Furthermore, some individuals classified as having type 1 diabetes in the present study could have been misclassified, further underestimating the true prevalence of type 2 diabetes. Microvascular disease might be treated, to an unknown extent, outside hospital care (e.g. in primary care or private eye clinics) and could therefore be incompletely captured in this study. Cardiovascular risk might be somewhat overestimated in the present analyses since the healthier diabetes group with only diet treatment is not included in the present cohort. However, since the GLD-treated group accounts for ∼80% of the entire type 2 diabetes population, the information on increased cardiovascular risk is highly valuable and identifies the majority and the most vulnerable part of the type 2 diabetes population at risk for CVD [6] .
The major strength is the nationwide reach of the study, including 100% register coverage for cause of hospitalisations, filled prescriptions of drugs and cause of death in Sweden. For example, this is illustrated by the discrepant report on diabetes incidence from the Swedish NDR [6] , which reported less than half the incidence found in the present study on pharmacologically treated type 2 diabetes patients. The reason for this might be that the NDR relies on optional registration from primary and secondary healthcare, while our data are based on obligatory registered codes in other national registers with a more accurate estimation.
Conclusions In this nationwide study, a 61% increase was found in the prevalence of type 2 diabetes treated with GLDs during 2006-2013, while the incidence remained stable. The increase in prevalence is little explained by change in diabetes diagnosis criteria, earlier onset of GLD treatment or change in prolonged longevity, and mainly by the actual occurrence of new type 2 diabetes cases. The use of sulfonylurea to treat diabetes declined while the use of insulin increased, being the second most common drug after metformin. Although there are favourable trends in CVD and slightly prolonged life expectancy, the high prevalence of diabetes-related comorbidities, lifeyears lost and continued higher CVD risk in patients with type 2 diabetes than in the general population highlights the need for optimised and new preventive strategies.
